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NAPHTHO[l,8-DElTHlASIN-2.YL METHYL CARBAPENEM 
ANTIBACTERIALS 

5 

RAnKaROTJND OF T HE INVENTION 

The present invention relates to carbapenem antibacterial 
agents in which the carbapenem nucleus is substituted at the 2-position 
with a 1,1 dioxo-2,3-dihydro-naphtho[l,8-de][l,2]thiazin-2-yl group or 

10 1,1,3 trioxo-2,3-dihydro-naphthoIl,8^el[l,21thiazin-2-yl group linked 
through a CH, group. 

The carbapenems of the present invention are useful 
against gram positive microorganisms, especially methicillin resistant 
Staphylococciis axireus (MRSA), methicillin resistant Staphylococcus 

15 epidermidis (MRSE), and methicillin resistant coagulase negative 
Staphylococci (MRCNS). The antibacterial compounds of the present 
invention thus comprise an important contribution to therapy for 
treating infections caused by these difficult to control pathogens. 
There is an increasing need for agents effective against such pathogens 

20 (MRSA/MRCNS) which are at the same time relatively free from 
undesirable side effects. 

SUMMARY OF THE INVENTION 

The compounds of the invention are represented by formula 

25 I: 




CO2M 
I 

including pharmaceutically acceptable salts thereof, wherein: 
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Rl represents H or methyl; 

CO2M represents a carboxylic add, a pharmaceutically 
5 acceptable carboxylic acid salt, carboxylate anion, a pharmaceutically 
acceptable ester group or a carboxylic acid protected by a protecting 
group; 



10 



X represents CH2 or C=0; 

P represents hydrogen, hydroxyl, F or hydroxyl protected by 
a hydroxyl-protecting group; 



(R^)3 

Each R independently represents R**, » -Het(R*')8, 

15 Cj^ alkenyl, or a group L-Q-R*" with the proviso that only one R group of 
the type L-Q-R' can be present or one R group may be taken with L, if 
present, and any intervening atoms to represent a 5-6 membered ring; 

L is Ci^ straight or branched alkylene, uninterrupted, 
20 interrupted or terminated by 1-2 of O, S, NRa, C(0), CO2 and C(0)NRa; 

Q represents: 




25 

Y* is a charge balancing group; 

n is a value from 0 to 2 selected to maintain overall charge 



neutrality; 
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Ra is H or C^^ alkyl; 

Rq is Ci-6 alkyl, straight or branched, iinintemipted, 
interrupted or terminated by 1-2 of O, S, NRa, C(0), C(0)0, CCONR^' 
.CH=CH-, -Het(Rb)3., .C(0)Het(Rb)3-,-C(0)NRaHet(Rb)3-, 

. (R'l3 and (""'3 , 

said R4 being unsubstituted or substituted with 1-3 Bfi 

groups; 



Het is a heteroaryl group; 

10 

each Rh is independently selected from H, halo, ORa, 
OC(0)Ra, C(0)Ra, CN, C5(0)NRaRd, NO2, NRaRd, S02NRaRd and C1-4 

aU[yl unsubstituted or substituted with 1-3 groups selected from Re; 



15 each Rc is independently selected from halo, ORf, OC(0)Rf, 

SRf, S(0)Rf, S02Rf. CN, C(0)Rf, C02Rf, NRftlg, N*R'R'R«Z-, C(0)NRaRf, 
-Het(Rb)3, C(=N+RaRf)RaZ\ C(=N+RaRf)NRaR£^-, 
NRaC(=N+RaRf)Raz-, NRaC(=N+RaRf)NRaRf5S-, heteroaryUum(Rb)3Z', 
S02NRaRf, OC(0)NRaRf, NRaC(0)Rf, NRaC(0)NRaRf, and 

k;> 

20 (R )3 ; 

or in the alternative, when 2 or more Rc groups are present, 
2 RC groups may be taken together with any intervening atoms to form a 
3-6 membered carbocyclic ring, optionally interrupted with 1-3 of O, S, 
NRg, and C(0), said ring being unsubstituted or substituted with 1-3 R© 

25 groups; 

Rd is H or Ci^ alkyl, or R& and Rd taken together with any 
intervening atoms represent a 4-6 membered ring; 
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10 



Re is selected from halo, ORa, NRaRd and CONRaRd; 

Rf is H; Ci-6 straight or branched chain alkyl, 
unsubstituted or substituted with 1-3 Re groups; -Het(Rb)3. Cs^ 
cycloalkyl, unsubstituted or substituted with 1-3 Re groups, and 



or Ra and Rf together with an intervening atoms form a 4-6 
membered ring, optionally interrupted by O, S, NRa or C(0); and 

Rg is H, 01-6 alkyl, unsubstituted or substituted with 1-3 Re 
groups; C3.6 cycloalkyl, unsubstituted or substituted with 1-3 Re groups; 
C(=N*RaRf)RaZ- or C(=N*RaRf)NRaRf^-; 

15 or Rf and US together with any intervening atoms form a 4-6 

membered ring optionally interrupted by O, S, NRa or C(0) ; and 

Z' is a charge balancing group selected from Y", a 
monovalent anion such as acetate, benzoate, bromide, chloride or the 
20 like, or an internal anion such as COjM, where M is a negative charge. 



DETAILED DESCRIPTION OF THE INVENTION 

The invention is described herein in detail using the terms 
defined below unless otherwise specified. 
25 Carboxylate anion refers to a negatively charged group 

-COO-. 

The term ''alkyl" refers to a monovalent alkane 
(hydrocarbon) derived radical containing firom 1 to 15 carbon 
atoms imless otherwise defined. It may be straight or branched. 
30 Preferred alkyl groups include methyl, ethyl, propyl, isopropyl, butyl and 
t-butyl. When substituted, alkyl groups may be substituted vrith up to 3 
substituent groups, selected firom R^ or R" as defined, at any available 
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point of attachment. When the alkyl group is said to be substituted with 
an alkyl group, this is xised interchang ably with "branched alkyl 
group". 

Cycloalkyl is a specie of alkyl containing 6rom 3 to 
5 15 carbon atoms, without alternating or resonating double bonds 

between carbon atoms. It may contain from 1 to 4 rings which are fused. 
Preferred cycloalkyl groups are cyclopropyl, cyclobutyl, cyclopentyl and 
cyclohexyL When substituted, cycloalkyl groups may be substituted with 
up to 3 substituents selected from Rc or R* as defined. 
10 A Cj^ alkylene group refers to an alkyl group which is 

attached through two bonds to two different atoms or substituents. The 
two bonds on the alkylene group can be on the same carbon atom or on 
different carbon atoms. See, e.g., the following: 

CH3 

— CH2 — CH CH2CH2 



-CH2CH2CH2 — — CH2CHCH2 



15 



The term "alkenyF refers to a hydrocarbon radical straight, 
branched or cyclic containing from 2 to 10 carbon atoms and at least one 
carbon to carbon double bond. Preferred alkenyl groups include ethenyl, 

20 propenyl, butenyl and cyclohexenyl. 

The term "alkynyr refers to a hydrocarbon radical straight 
or branched, containing from 2 to 10 carbon atoms and at least one 
carbon to carbon triple bond. Preferred alkynyl groups include ethjmyl, 
propynyl and butynyl. 

25 Aryl refers to aromatic rings e.g., phenyl, substituted 

phenyl and the like, as well as rings which are fused, e.g., naphthyl, 
phenanthrenyl and the like. An aryl group thus contains at least one 
ring having at least 6 atoms, with up to five such rings being present, 
containing up to 22 atoms therein, with alternating (resonating) double 

30 bonds between adjacent carbon atoms. The preferred aryl groups are 
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phenyl, naphthyl and phenanthrenyl. Aryl groups may likewise be 
substituted as defined. Preferred substituted aryls include phenyl and 
naphthyl. 

The term "heteroaryl" (Het) refers to a monocyclic aromatic 
5 hydrocarbon group having 5 or 6 ring atoms, or a bicydic aromatic 
group having 8 to 10 atoms, containing at least one heteroatom, O, S or 
N, in which a carbon or nitrogen atom is the point of attachment, and in 
which one or two additional carbon atoms is optionally replaced by a 
heteroatom selected from O or S, and in which from 1 to 3 additional 

10 carbon atoms are optionally replaced by nitrogen heteroatoms, said 
heteroaryl group being optionally substituted as described herein. 
Examples of this type are p3n-role, pyridine, oxazole, thiazole and 
oxazine. Additional nitrogen atoms may be present together with the 
first nitrogen and oxygen or sulfur, giving, e.g., thiadiazole. Examples 

15 include the following: 
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pyrrole (pyrrolyl) imidazole (imidazolyl) thiazole (tliiazolyl) 

O 0° o 

oxazole (oxazolyl) furan (furyl) tliiopliene (thienyl) 



triazole (triazolyl) pyrazole (pyrazolyl) isoxazole (isoxazolyl) 

Q 0 0 

isothiazole (isotliiazolyl) pyridine (pyridiny!) (*py^z?r^l) 

o 9 o 

pynmidine 

pyrldazlne (pyridazinyl) (pyrimidinyl) triazine (triazinyl) 

The group L-Q-Rq» if present, is attached to either of the two 
phenyl rings of the 1,1 dioxo-2,3-dihydro-naphtho[l,8-de][l,2]thia2in-2-yl 
or 1,1,3 trioxo-2,3-dihydro-naphtho[l,8-de][l,2]thiazin-2-yl group, 
provided that no more than one L-Q-Rq group is present. 

Heteroarylium refers to heteroaryl groups bearing a 
quaternary nitrogen atom and thus a positive charge. Examples 
include the following: 
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When a charge is shown on a particxilar nitrogen atom 
in a ring which contains one or more additional nitrogen atoms, it is 
5 tmderstood that the charge may reside on a different nitrogen atom in 
the ring by virtue of charge resonance that occurs. 
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The imidazolium group: 

means and ^^(^^"^ 



The term Tieterocycloalkyr refers to a cycloalkyl group 
5 (nonaromatic) in which one of the carbon atoms in the ring is replaced 
by a heteroatom selected from O, S or N, and in which up to three 
additional carbon atoms may be replaced by hetero atoms. 

The terms "quaternary nitrogen" and "positive charge" 
refer to tetravalent, positively charged nitrogen atoms including, e.g., 
10 the positively charged nitrogen in a tetraalkylammonium group (e. g. 
tetramethylammonium), heteroaryliami, (e.g., N-methyl- 
pyridinium), basic nitrogens which are protonated at physiological pH, 
and the like. Cationic groups thus encompass positively charged 
nitrogen-containing groups, as well as basic nitrogens which are 
15 protonated at physiologic pH. 

The term "heteroatom" means O, S or N, selected on an 
independent basis. 

Halogen and "halo** refer to bromine, chlorine, fluorine and 

iodine. 

20 When a group is termed "substituted", unless otherwise 

indicated, this means that the group contains from 1 to 4 substituents 
thereon. 

When a functional group is termed "protected", this means 
that the group is in modified form to preclude undesired side reactions 
25 at the protected site. Suitable protecting groups for the compounds of the 
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present invention will be recognized from the present application taking 
into account the level of skill in the art, and with reference to standard 
textbooks, such as Greene, T. et al. Protective Groups in Organic 
Synthesis Wiley, New York (1991). Examples of suitable protecting 
5 groups are contained throughout the specification. 

In some of the carbapenem compounds of the present 
invention, M is a readily removable carboxyl protecting group, and/or P 
represents a hydroxyl which is protected by a hydroxyl-protecting group. 
Such conventional protecting groups consist of groups which are used to 

10 protectively block the hydroxyl or carboxyl group during the synthesis 
procedures described herein. These conventional blocking groups are 
readily removable, i.e., they can be removed, if desired, by procedures 
which will not cause cleavage or other disruption of the remaining 
portions of the molecule. Such procedures include chemical and 

15 enzjrmatic hydrolysis, treatment with chemical reducing or oxidizing 

agents under mild conditions, treatment with a transition metal catalyst 
and a nucleophile and catalytic hydrogenation. 

Examples of carbosQrl protecting groups include 
allyl, benzhydryl, 2-naphthylmethyl, benzyl, silyl such as 

20 t-butyldimethylsilyl (TBDMS), phenacyl, p-methoxybenzyl, 

o-nitrobenzyl, p-methoxyphenyl, p-nitrobenzyl, 4-pyridylmethyl 
and t-butyl. 

Examples of suitable hydroxy protecting groups include 
triethylsilyl, t-bulyldimethylsilyl, o-nitrobenzyloxycarbonyl, 

25 p-nitrobenzylo^carbonyl, benzyloxycarbonyl, allyloxycarbonyl, 
t-butyloxycarbonyl, 2,2,2-trichloroethylo3Qrcarbonyl and the like. 

The carbapenem compounds of the present invention are 
useful per se and in their pharmaceutically acceptable salt and ester 
forms for the treatment of bacterial infections in animal and himian 

30 subjects. The term "pharmaceutically acceptable ester, salt or hydrate," 
refers to those salts, esters and hydrated forms of the compounds of the 
present invention which would be apparent to the pharmaceutical 
chemist, i.e., those which are substantially non-toxic and which may 
favorably aSect the pharmacokinetic properties of said compounds, such 

35 as palatability, absorption, distribution, metabolism and excretion. 
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Other factors, more practical in nature, which are also important in the 
selection, are cost of the raw materials, ease of crystallization, yield, 
stabiUty, solubility, hygroscopicity and flowability of the resulting bulk 
drug. Conveniently, pharmaceutical compositions may be prepared 
5 from the active ingredients in combination with pharmaceutically 

acceptable carriers. Thus, the present invention is also concerned with 
pharmaceutical compositions and methods of treating bacterial 
infections utilizing as an active ingredient the novel carbapenem 
compounds. 

10 With respect to •CO2M, which is attached to the 

carbapenem nucleus at position 3, this represents a carboxylic 
acid group (M represents H), a carboxylate anion (M represents 
a negative charge), a pharmaceutically acceptable carboxylic acid salt 
(M represents a salt forming group), a pharmaceutically acceptable 

15 ester (M represents an ester forming group) or a carboxylic acid 
protected by a protecting group (M represents a carboxyl protecting 
group). 

The pharmaceutically acceptable salts referred to above 
may take the form -COOM, where M is a negative charge, which is 

20 balanced by a counterion, e.g., an alkali metal cation such as sodium or 
potassixmi. Other pharmaceutically acceptable counterions may be 
calcium, magnesium, zinc, ammonium, or alkylammonium cations 
such as tetramethylammonium, tetrabutylammonium, choline, 
triethylhydroammonium, meglumine, triethanolhydroammonium, etc. 

25 The pharmaceutically acceptable salts referred to above also 

include acid addition salts. Thus, the Formula I compounds can be 
used in the form of salts derived Grom inorganic or organic acids. 
Included among such salts are the following: acetate, adipate, alginate, 
aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate, 

30 camphorate, camphorsulfonate, cyclopentanepropionate, digluconate, 
dodecylsulfate, ethanesulfonate, iumarate, glucoheptanoate, 
glycerophosphate, hemisulfate, heptanoate, hexanoate, hydrochloride, 
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, 
methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, 
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pamoate, pectinate, persulfate, 3-phenyIpropionate, picrate, pivalate, 
propionate, succinate, tartrate, thiocyanate, tosylate and xindecanoate. 

Acid addition salts of the compo\inds of formula I include 
compounds that contain a protonated, basic moiety in R. Compounds 
5 containing a basic moiety in R are capable of protonation in aqueous 
media near pH 7, so that the basic moiety can exist as an equilibrium 
mixture of its neutral form and acid addition (protonated) form. The 
more basic the group, the greater the degree of protonation near pH 7. 
For example, -NR^EIB would likely be present in its protonated form 

10 ("N+HR^RSZ") at the appropriate pH, where Z" is a charge balancing 
group. All such compoimds are included in the present invention. 

The pharmaceutically acceptable esters are such as would 
be readily apparent to a medicinal chemist, and include, for example, 
those described in detail in U.S. Pat. No. 4,309,438. Included within 

15 such pharmaceutically acceptable esters are those which are hydrolyzed 
imder physiological conditions, such as pivaloyloxymethyl, 
acetoxymethyl, phthalidyl, indanyl and methoxymethyl, and others 
described in detail in U.S. Pat. No. 4,479,947. These are also referred to 
as T^iolabile esters". 

20 Biolabile esters are biologically hydrolizable, and may be 

suitable for oral administration, due to good absorption through the 
stomach or intenstinal mucosa, resistance to gastric acid degradation 
and other factors. Examples of biolabile esters include compounds in 
which M represents an alkoxyalkyl, alkylcarbonyloxyalkyl, 

25 alkoxycarbonyloxyalkyl, cycloalkoxyalkyl, alkenyloxyalkyl, aryloxyalkyl, 
alkoxyaryl, al^lthioalkyl, cycloalkylthioalkyl, alkenylthioalkyl, 
arylthioaU^l or alkylthioaryl group. These groups can be substituted in 
the alkyl or axyl portions thereof with acyl or halo groups. The following 
M species are examples of biolabile ester forming moieties.: 

30 acetoxymethyl, 1-acetoxyethyl, 1-acetoxypropyl, pivaloyloxymethyl, 
1-isopropyloxycarbonyloxyethyl, 1-cyclohexyloxycarbonyloxyethyl, 
phthalidyl and (2-oxo-5-methyl-l,3-dioxolen-4-yl)methyl. 

Z' and Y* can be present or absent as necessary to maintain 
the appropriate charge balance. When present, these represent 

35 pharmaceutically acceptable counterions. Most anions derived from 
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inorganic or organic acids are suitable. Representative examples of 
such counterions ar the following: acetate, adipate, aminosalicylate, 
anhydromethylenedtrate, ascorbate, aspartate, benzoate, 
benzenesulfonate, bromide, citrate, camphorate, camphorsulfonate, 
5 chloride, estolate, ethanesulfonate, fumarate, glucoheptanoate, 
gluconate, glutamate, lactobionate, malate, maleate, mandelate, 
methanesulfonate, pantothenate, pectinate, phosphate/diphosphate, 
polygalacturonate, propionate, salicylate, stearate, succinate, sulfate, 
tartrate and tosylate. Other suitable anionic species will be apparent to 

10 the ordinarily skilled chemist. 

Likewise, when more than one negative charge is necessary 
to maintain charge neutrality, the counterion indicator may represent a 
specie with more than one negative charge, such as malonate, tartrate 
or ethylenediaminetetraacetate (EDTA), or two or more monovalent 

15 anions, such as chloride, etc. When a multivalent negatively charged 
counterion is present with a carbapenem which bears a net single 
positive charge, an appropriate number of carbapenem molecules can be 
foxmd in association therewith to maintain the overall charge balance 
and neutrality. 

20 Numbering and nomenclature used in naming the sultam 

side chains are as follows: 





2,3-dihydn>naphtho[ 1 ,8-Je][ 1 ,2]thiazine 
1,1 -dioxide 



1 , 1 -dioxo-2,3-dihydro- 
naphtho[ 1 [ 1 «2]thiazin'3-one 
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6 7 



6 7 




(R)2 




1 , 1 -dioxo-2,3-dihydro- 
naphtho[ 1 ,B-de] [ 1 ,2]thiazin-2-y 1 



1 , 1 .3-trioxo-23-dihydro- 
naphtho[ 1 fi-de] [ 1 ,2]thiazin-2-yl 



When L is a C^^ straight or branched alkylene group that is 



interrupted or terminated by 1-2 of O, S, NRa, C(0) , CO2 and C(0)NRa, 
5 the interrupting/terminating moiety or moieties can be at either end of 
the alkylene group, as well as interrupting the alkylene group when 2-4 
csirbon atoms are present. When 2 such groups are present, they may be 
separate or together. Hence, interrupting or terminating groups such 
as 0C(0) and OCO, are included. 
10 Similarly, when R<1 is Ci.6 alkyl, straight or branched, 



interrupted or terminated by 1-2 of O, S, NRa, C(0), C(0)0 , C(0)NR^ 

, •CH=CH-, .Het(Rb)3- , .C(0)Het(Rb)3. , 

-C(0)NRaHet(Rb)3., 



groups, the interrupting/terminating groups may be separate or 
together, and may be at the end or ends of the aJkyl group, and further 
may be between the alkyl group and a substituent R^. 

When an R4 is substituted with at least 2 Rc groups, these 
20 may be taken in combination with any intervening atoms to represent a 
3-6 membered carbocyclic ring, said ring being optionally interrupted by 
1-3 of O, S, NR* and C(0), and unsubstituted or substituted with 1-3 R* 
groups. Examples of groups which are represented by two Rc groups in 
combination include the following: 



15 
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■' \ ' and ^ ^w-NH 

A subset of compounds of formula I which is of interest 
relates to those compounds where represents methyl. Within this 
subset, all other variables are as originally defined. 
5 Another subset of compounds of formula I which is of 

interest relates to those compounds where CO2M represents a 
carboxylate anion. Hence, M in this instance represents a negative 
charge which is balanced by a positively charged group, such as in the 
positively charged Q group. Likewise, if the positively charged Q group 
10 contains more than one positive charge, a negatively charged counterion 
may be present which in combination with the carboxylate anion, 
provides overall charge neutrality. 

Another subset of compounds of formula I that is of interest 
relates to those compounds where P represents hydroxyl or hydroxy! 
15 protected by a hydroxyl protecting group. Within this subset, all other 
variables are as originally defined. 

Another subset of compounds of formula I that is of interest 
relates to compounds where one R represents L-Q-Rq and all other R 
groups represent H, halo or C1.4 alkyl unsubstituted or substituted with 

20 1-3 groups selected from Re. Within this subset, all other variables are 
as originally defined. An embodiment of this subset is realized when L 
represents -CHj- or -CHjCHj-. Another embodiment of this subset is 
realized when Q represents 




(Y'=')n 



25 wherein Y* represents a charge balancing group, and n is 0 to 2. Within 
this subset, all other variables are as originally defined. Still another 
embodiment of this subset is realized when Rq is straight or branched 
Cl-G alkyl, substituted with 1-3 Rc groups. Within this subset, all other 

variables are as originally defined. 
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Another subset of compounds of formiala I that is of interest 
relates to compounds where X is CH,. Within this subset, all other 
variables are as originally defined. 

Another subset of compounds of formula I that is of interest 
6 relates to compounds where X is CO. Within this subset, all other 
variables are as originally defined. 

Another subset of compounds of formula I that is of interest 
relates to compounds where R is H, halo or Ci-4 alkyl unsubstituted or 
substituted with 1-3 groups selected firom Re. Within this subset, all 
10 other variables are as originally defined. 

A preferred subset of compounds of formula I which is of 
interest relates to those compounds wherein: 

R^ represents CH3; 

CO2M represents a carboxylate anion; 
15 P represents hydrosyl or hydroxyl protected by a hydroxyl 

protecting group; and 

one R is L-Q-R'' and each remaining R is independently H, 
halo or C1.4 alkyl unsubstituted or substituted with 1-3 groups selected 

firom Re ;all other variables are as originally described. 
20 In one embodiment of this invention 

Ra is H or Cl-6 alkyl; 

Rd is H or Cl^ alkyl, or Ra and Rd taken together with any 
intervening atoms represent a 4-6 membered ring; 

Re is halo, ORa, NRaRd or CONRaRd; 
25 L represents -CHj- or -CHjCH^- ; 

Q represents 




(Y©)n 

wherein Y* represents a charge balancing group, and n is 0 to 2; and 
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M is straight or branched Ci-e alkyl, optionally interrupted 



^C(0)NR^— 



byCCONR^or and 
substituted with 1-3 Rc groups, and 

Rc is as originally defined. 

5 

Representative examples of compounds of the invention are 
found in Table I. 
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(R)2 
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|H H r ^ T . 0 

° CO2M 

p = H, F or OH, and = Methyl or H 
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The compounds of the present invention are prepared by 
5 reacting a suitably protected, activated 2-hyroxyinethyl-carbapen-2-em-3- 
carboxylate with a 1,1 dioxo-2,3-dihydro-naphtho[l,8-de][l,2]thiazin-2-yl 
or 1,1,3 trioxo-2,3-dihydro-naphthotl,8-delIl,21thiazin-2-yl, modifying the 
thus-introduced side chain as desired, and then removing any 
protecting groups which are present to afford the desired final product. 
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The process is illustrated using the general conditions shown in the 
accompanying flow charts. 

plow Chart A 



Me 



1) activate hydroxy! 
displacement Me 



2) react with a 

^ nr\ oo side chains 

^^2^ (SCG) 

M 





COjR" 



CO2M 



ia 



if necessary, 
modify R* to give R 
(see Flow Chart B) 




1) if necessary, 
deblock P* Me 

2) if necessary, 
deblock 




CO2R 




SCG = HN. 

O O 

p* s H, F, or a protected hydroxy group 

s cart>oxyi protecting group or a phannaceuticalty acceptable ester group 
R* a: R or a precursor to R 
P, R\ M, R, and X are as previously defined 
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Flpw Chart P 




1) activate L-OH 

2) react with Q'-R^' 



p** s hydroxyl protecting group 
P* s H. F, or a protected hydroxy group 
R° = carboxyl protecting group or 

a pharmaceutlcally acceptable ester group 
Q' = neutral or cationic precursor to Q 
R^' s rS or a modified/protected precursor to R^ 

P, R\M, R, U Q, RS andX 
are as prevbusly defined 




1) if necessary, 
modify R^ 

2) if necessary, 
deblock P* 

3) deblock R® and, 
if necessary, R^ 




CQeM 
lb 

With reference to Flow Charts A and B above, P, R\ R, M, 
X, L, Q and R*^ are as defined with respect to the compounds of formula 
I. 

P* represents H, F or a protected hydro^l group. 
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represents a carboxyl protecting group. 
R* represents a group selected from R or a group that is 
modified as necessEiry in the co\irse of the synthesis of a compound of 
formula I to afford a member of R, thus R* can be viewed as R or a 
5 precursor to R. 

P** represents a hydroxy! protecting group, 
Q'-R4' represents a neutral or monocationic group that 
reacts with the intermediate ^ (upon activation of jffi) in a manner 
which results in the incorporation in the final product of the member of 
10 the group defined as Q-R^ above, thus Q'-R'*may be viewed as a precursor 
for Q-R^ 

R**' represents a group selected firom R' or a group that is 
modified or deprotected as necessary in the course of the sjmthesis of a 
compound of formula I so as to afford a member of R^ , thus R*** can be 

15 viewed as R** or as a precursor to R^. 

The 1,1 dioxo-2,3-dihydro-naphtho[l,8-de][l,21thiazin-2-yl or 
1,1,3 trioxo-2,3-dihydro-naphtho[l,8-de][l,2]thiazin-2-yl side chain group 
(SCG) used in the synthesis of the compounds of the present invention 
have, in some cases, been described in the chemical literature. In other 

20 cases, precursor compounds which may be readily converted to the 

requisite SCG have been described in the literat\ire. In cases where the 
requisite SCG is not known in the literature it is necessary to synthesize 
the SCG by a newly developed synthesis. One skilled in the art can adapt 
a previously published synthesis of an analogous SCG to prepare the 

25 requisite compound in a straightforward manner without undue 
experimentation. 

The 1,1 dioxo-2,3-dihydro-naphthoIl,8-del[l,2]thia2in-2-yl or 
1,1,3 trioxo-2,3-dihydro-naphtho[l,8-del[l,2]thiazin-2-yl side chain group 
(SCG) is initially reacted with a suitably protected carbapen-2-em-3- 

30 carbosgrlate having an activated hydroxymethyl group at the 2-position. 
The carbapenem nucleiis having a -CH2OH substituent at position 2 can 
be obtained in accordance with Schmitt, S. M. et al., J. Antibiotics 41(6): 
780-787 (1988), the teachings of whidi are incorporated herein by 
reference. 
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The carboxylic acid group at C-3 of the carbapenem is 
generally protected as a carbojgrl protecting group such as p-nitrobenzyl 
(PNB), allyl, p-methoxybenzyl, trichloroethyl, 2-trimethylsilylethyl, and 
the like. Furthermore, the hydroxyl group of the 6-(hydroxyethyl) side- 
chain is optionally protected with a hydroxyl protecting group such as 
trimethylsilyl (TMS), triethylsilyl (TES), tert-butyldimethylsilyl 
(TBDMS), tert-butyldiphenylsilyl (TBDPS), acetyl, allyloxycarbonyl, 2- 
trimethylsilylethoxy carbonyl, 2-trichloroethoxycarbonyl and the like. 

The addtion of 1,1 dioxo-2,3-dihydro-naphthotl,8- 
de][l,21thia2in-2-yl or 1,1,3 trioxo-2,3-dihydro-naphtho[l,8- 
deltl,21thia2in-2-yl side chain group (SCG) to the carbapenem is 
accomplished by treating a solution of the hydroxymethyl-carbapenem 
and the 2,3-dihydro-naphthoIl,8-de][l,21thiazine 1,1-dioxide or 1,1-dioxo- 
2,3-dihydro-naphtho[l,8-de][l,21thiazin-2-yl side chain group in a 
suitable solvent such as tetrahydrofuran (THF), diethyl ether, 
acetonitrile, dimethylformamide (DMF), benzene, dichloromethane, 
chloroform, and the like with a (premixed) suitable activating reagent 
such as diethyl azodicarboxylate (DEADVtriphenylphosphine, 
diisopropyl azodicarboagrlate (DIAD)/tributylphosphine, and the like, at a 
temperature between about -20*'C and 35°C for about 5 to 90 minutes. 

Alternatively, the 1,1 dioxo-2,3-dihydro-naphtho[l,8- 
del[l,2]thiazin-2-yl or 1,1,3 trioxo-2,3-dihydro-naphtho[l,8- 
del[l,2]thiazin-2-yl side chain group and carbapenem can be mixed 
together with either the azodicarboxylate or the phosphine reagent in a 
suitable solvent and the other component of the activating reagent (the 
phosphine or the azodicarboxylate, respectively) can be added to that 
mixture. Once the 1,1 dioxo-2,3-dihydro-naphtho[l,8-de][l,2]thiazin-2-yl 
or 1,1,3 trioxo-2,3-dihydro-naphthoIl,8-de][l,2]thiazin-2-yl side chain 
group carbapenem and activating reagent(s) have been mixed, the 
reaction is allowed to proceed at a temperature between about -20 **C and 
35 for about 5 to 90 minutes. 

The resulting mixture is then subjected to a standard work- 
up procedure fiemiiliar to those skilled in the art to afford a crude 2- (1,1 
dioxo-2,3-dihydro-naphthoIl,8-de][l,2]thiazin-2-yl or 1,1,3 trioxo-2,3- 
dihydro-naphtho[l,8-de]ll,21thiazin-2-yl) methyl substituted carbapenem 
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which is purified, if necessary, by recrystallization or by 
chromatography on silica gel, eluting with a suitable solvent or mixture 
of two or more solvents, such as hexane, ethyl acetate, ether, benzene, 
dichloromethane, chloroform, acetone, methanol and the like. 

In some cases, it is necessary to modify substituent R**" in 
intermediate A2 to produce the desired substituent R in final product I. 
Modification of the R* substituent is generally best accomplished before 
the removal of the protecting groups P* and R°, This process is 
illustrated in Flow Chart B in which intermediate Bl is an example of 
intermediate A2 wherein one of the R* groups is a precxu-sor to the 
substituent L-Q-R'. The skilled artisan should note that the substituent 
LrQ-R*> can be located in either of the phenyl rings of the final product lb 
even though the scheme illustrates the process for one ring only. 

In intermediate SI of Flow Chart B, the substituent R* is 
represented as L-OP", wherein L is as previously defined and P" is a 
hydroxyl protecting group. Suitable protecting groups P" are 
trimethylsilyl and triethylsilyl. The trialkylsilyl group is easily removed 
by treatment with a strong acid such as trifluoromethane sulfonic acid, 
sulfuric acid, hydrochloric acid, or the the like in a solvent consisting of 
water plus a miscible organic solvent such as tetrahydrofuran, 
acetonitrile , or isopropanol. A positively charged substituent may be 
introduced into the side chain by first activating the hydroxyl group of 
L-OH by converting it to a suitable leaving group such as a triflate, 
mesylate, tosylate, iodide, chloride, bromide, and the like, and then 
displacing the resulting leaving group with a compound Q'-R**' such as 
N-methyl-imidazole, N-(2-hydroxyethyl)-imidazole, l-methyl-4-aza-l- 
azoniabicyclo [2.2.2] octane, l-(carbamoylmethyl)-4-aza-l-azoniabicyclo- 
[2.2.2.]-octane, l-(3-hydroxyprop-l-yl)-4-aza-l-azoniabicyclo-[2.2.2.1- 
octane, and the like which contains a nitrogen atom that can act as a 
nucleophile. 

In some cases, activation of the hydroxyl group and 
displacement by Q'-R''* to produce ^ may be accomplished in a single 
step by taking advantage of the basic character of compound Q'-R*^' and 
using it as a base in the activation reaction. 

The conversion of the hydroxyl group to a suitable 
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leaving group is accomplished by treating the hydroxyl substituted 
compound in a suitable solvent such as dichloromethane, tetrahydro- 
furan, ether, benzene, and the like with an activating reagent, such 
as trifluoromethanesulfonic anhydride, methanesulfonic anhydride, 
toluenesulfonic anhydride, methanesulfonyl chloride, benzenesulfonyl 
chloride, toluenesulfonyl chloride, and the like in the presence of a 
suitable base such as triethylamine, tributylamine, diisopropylethyl- 
amine, and the like at a temperature between about -lOO^^C and O^'C for 
about 5 to 120 minutes. The intermediate thus obtained contains a 
leaving group, which may be converted to an alternative leaving group, 
iodide, by treating a solution of the intermediate in a suitable solvent 
such as acetone, methyl ethyl ketone, and the like at about -10**C to 50*0 
with an excess of sodium iodide or potassium iodide for about 
0.25 to 24 hours. 

In many cases, the iodide is obtained in sufficiently pure 
form that it may be used without further purification. For ease of 
handling, the iodide, if not crystalline, may be lyophilized from benzene 
to afford an amorphous, easily handled, solid. 

The activated hydroxyl group or iodide is displaced by 
reacting the activated intermediate with reagent Q'-R***. In some cases, 
activation and displacement of the hydroxyl group may be accomplished 
in a single step. The activating reagent is added to a solution of the 
hydroxyl substituted compound in the presence of a suitable base in a 
suitable solvent such as dichloromethane, tetrahydrofuran, ether, DMF, 
benzene, acetonitrile, DMSO, and the like as described in the preceding 
paragraphs. The resulting activated intermediate is treated with 1-3 
molar equivalents of compound Q'-R^'at a temperature between about 
-78''C and 50**C for about 15 to 120 minutes. In some cases, it is desirable 
to form the activated intermediate in one solvent, isolate the activated 
intermediate, and conduct the displacement reaction in a different 
solvent. In other cases, the displacement may be conducted without 
isolation of the intermediate and, in cases where Q -R"** is also used as a 
base, may even be concurrent with the formation of the activated 
intermediate. 
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In cases where the displacement reaction is best 
accomplished by using the iodide, a solution of the iodide is combined 
with an approximately equivalent amoxmt (0.9 - 1.05 molar equivalents) 
of compound Q*-R^\ A silver salt of a non-nucleophilic acid, such as 
silver trifluoromethanesulfonate, silver tetrafluoroborate and the like is 
then added. Although the reaction will proceed in the absence of the 
silver salt, the reaction proceeds more rapidly in the presence of the 
silver salt. In addition, the silver salt assists in the removal of the 
displaced iodide from the reaction mixture which can improve the 
efficiency of subsequent steps. The resulting mixture is then subjected to 
a standard work-up procedure familiar to those skilled in the art to 
afford a crude product which is purified, if necessary, by 
recrystallization or chromatography. 

An alternative method for introducing a positive charge into 
the side chain may be applied to side chains (i.e. R* groups) that contain 
a nitrogen atom which may be quatemized by reaction with a suitable 
alkylating reagent AR, such as methyl iodide, methyl bromide, benzyl 
trichloroacetimidate, methyl trifluoromethanesulfonate, 
triethyloxonium tetrafluoroborate, and the like. Quatemization of the 
nitrogen atom in the side chain is effected by treating a solution of the 
compound with a slight excess (1-05 to 1.2 molar eqmvalents) of the 
alkylating reagent. 

Modification of the substituent RV , if necessary, and 
removal of the remaining protecting group(s) affords the final product 
(lb). These transformations can be accomplished by a number of well 
known techniques depending on the protecting groups employed or the 
modifications required to transform RT to RQ or the protecting groups 
employed. 

For example, when R*" of the final product contains a 
primary amino group (-NHj or -N^Hg in its protonated form), the amino 
group would normally be present in R*** as a protected form or as a 
precursor group. Suitably protected forms of the amino group are 
allyloxycarbonylamino or p-nitrobenzyloxycarbonylamino whereas as 
sxiitable amine precursor is an azido group. The amino group is 
liberated by established methodology either concurrrent with or after the 
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deblocking of P* and BP . For example, the azido and p- 
nitrobenzyloxycarbonylamino groups can be converted to the amino 
group by catalytic hydrogenation and the allyloxycarbonylamino group 
provides the amino substituent on treatment with a palladium catalyst 
in the presence of an allyl scavenger. 

The ssmthesis of the target compovind is completed by 
removing any protecting groups which are present in the penultimate 
intermediate using standard techniques which are well known to those 
skilled in the art. The deprotected final product is then purified, as 
necessary, using standard techniques such as ion exchange chroma- 
tography, HPLC on reverse phase silica gel, MPLC on reverse phase 
polystyrene gel, and the like or by recrystallization. 

The final product may be characterized structurally by 
standard techniques such as NMR, IR, MS, and UV. For ease of 
handling, the final product, if not crystalline, may be lyophilized 
from water to afford an amorphous, easily handled solid. 

The compounds of the present invention are valuable 
antibacterial agents active against various Gram-positive and to a 
lesser extent Gram-negative bacteria, and accordingly find utility in 
human and veterinary medicine. 

Many of compounds of the present invention are 
biologically active against MRSA/MRCNS. In vitro antibacterial 
activity is predictive of in vivo activity when the compounds are 
administered to a mammal infected with a susceptible bacterial 
organism. 

Using standard susceptibility tests, the compounds of the 
invention are determined to be active against MRSA. 

The compounds of the invention can be formulated in 
pharmaceutical compositions by combining the compound with a 
pharmaceutically acceptable carrier. Examples of such carriers are 
set forth below. 

The compounds may be employed in powder or 
crystalline form, in liquid solution, or in suspension. They may be 
administered by a variety of means; those of principal interest 
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include: topically, orally and parenterally by injection (intravenously 
or intramuscularly)- 

Compositions for injection, a preferred route of delivery, 
may be prepared in unit dosage form in ampules, or in multidose 
containers. The injectable compositions may take such forms as 
suspensions, solutions, or emulsions in oily or aqueous vehicles, and 
may contain various formulating agents. Alternatively, the active 
ingredient may be in powder Oyophillized or non-lyophillized) form 
for reconstitution at the time of delivery with a suitable vehicle, such 
as sterile water. In irgectable compositions, 

the carrier is typically comprised of sterile water, saline or another 
injectable liquid, e.g., peanut oil for intramuscular injections. Also, 
various buffering agents, preservatives and the like can be included. 

Topical applications may be formulated in carriers such 
as hydrophobic or hydrophilic bases to form ointments, creams, 
lotions, in aqueous, oleaginous or alcoholic liquids to form paints or 
in dry diluents to form powders. 

Oral compositions may take such forms as tablets, 
capsules, oral suspensions and oral solutions. The oral comi>osions 
may utilize carriers such as conventional formulating agents, and 
may include sustained release properties as well as rapid delivery 
forms. 

The dosage to be administered depends to a large extent 
upon the condition and size of the subject being treated, the route and 
frequency of administration, the sensitivity of the pathogen to the 
particular compound selected, the virulence of the infection and other 
factors. Such matters, however, are left to the routine discretion of 
the physician according to principles of treatment well known in the 
antibacterial arts. Another factor influencing the precise dosage 
regimen, apart from the nat\u*e of the infection and peculiar identity 
of the individual being treated, is the molecular weight of the 
compound. 

The compositions for human delivery per unit dosage, 
whether liquid or solid, may contain from about 0.01% to as high as 
about 99% of active material, the preferred range being from about 10- 
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60%. The composition will generally contain from about 15 mg to 
about 2.5 g of th active ingredient; however, in general, it is 
preferable to employ dosage amounts in the range of from about 250 
mg to 1000 mg. In parenteral administration, the unit dosage will 
typically include the pure compound in sterile water solution or in 
the form of a soluble powder intended for solution, which can be 
adjusted to neutral pH and isotonic. 

The invention described herein also includes a method of 
treating a bacterial infection in a mammal in need of such treatment 
comprising administering to said mammal a compound of formula I 
in an amount effective to treat said infection. 

The preferred methods of administration of the Formula 
I antibacterial compounds include oral and parenteral, e.g., i.v. 
infusion, i.v. bolus and i.m. injection. 

For adults, about 5-50 mg of Formula I antibacterial 
compound per kg of body weight given one to four times daily is 
preferred. The preferred dosage is 250 mg to 1000 mg of the 
antibacterial given one to four times per day. More specifically, for 
mild infections a dose of about 250 mg two or three times daily is 
recommended. For moderate infections against highly susceptible 
gram positive organisms a dose of about 500 mg three or four times 
daily is recommended. For severe, life-threatening infections against 
organisms at the upper limits of sensitivity to the antibiotic, a dose of 
about 1000-2000 mg three to four times daily may be recommended. 

For children, a dose of about 5-25 mg/kg of body weight 
given 2, 3, or 4 times per day is preferred; a dose of 10 mg/kg is 
typically recommended. 

The compounds of Formula I are of the broad class 
known as carbapenems. Many carbapenems are susceptible to attack 
by a renal enzyme known as dehydropeptidase (DHP). This attack or 
degradation may reduce the eflScacy of the carbapenem antibacterial 
agent. Many of the compoimds of the present invention, on the other 
hand, are less subject to such attack, and therefore may not req\iire 
the use of a DHP inhibitor. However, such use is optional and 
contemplated to be part of the present invention. Inhibitors of DHP 
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and their use with carbapenems are disclosed in, e.g., [European 
Patent Application Nos. 79102616.4, filed July 24, 1979 (Patent No. 0 
007 614); and 82107174.3, filed August 9, 1982 (Publication No. 
0 072 014)]. 

5 The compounds of the present invention may, where 

DHP inhibition is desired or necessary, be combined or used with 
the appropriate DHP inhibitor as described in the aforescud patents 
and published application. The cited European Patent Applications 
define the procedure for determining DHP susceptibility of the 
10 present carbapenems and disclose suitable inhibitors, combination 
compositions and methods of treatment. A preferred weight ratio 
of Formula I compound: DHP inhibitor in the combination 
compositions is about 1:1. 

A preferred DHP inhibitor is 7-(Lr2-amino-2-carboxy- 
15 ethylthio)-2-(2,2-dimethylcyclopropanecarboxamide)-2-heptenoic acid 
or a useful salt thereof. 

The invention is further described in connection with the 
following non-limiting examples. 

20 PREPARATIVE gXAMPLg I 

^a^nTHYDRQ,NAPHTHOri,8>Djgir i.21THIAZINE 1,1-DIOXIDE 




A solution of l,l-dioxo-2,3-dihydro-naphtho[l,8- 
25 <ie][l,2]thiazin-3-one (137 mg, 0.587 mmol) in anhydrous tetrahydrofuran 
(2 mL) was treated with a l.OM solution of borane-tetrahydrofuran 
complex in tetrahydrofuran (1.17 mL, 1.17 mmol). The resulting 
solution w€is heated at 65**C for 5 hours. The reaction mixture was 
quenched with methanol (5 mL) and evaporated under vacuum. The 
30 residue was purified by preparative layer chromatography on two 1mm 
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X 20cin X 20cin silica gel GF plates, developing with 7:3 ethyl acetate- 
hexanes, to afTord the title compound (78 mg, 61% jdeld). 

The l,l.dioxo-2,3-dihydro-naphtho[l,8-dcl [l,2]thiazin.3-one 
starting material can be prepared according to the procedure described 
5 in Lombardino, J. G. J. Org. Chem. 1971, 36, 1843. 

EXAMPLE I 

SOPniM aS.5Jg.6g>-6-flfgVHYDROXY-ETHYLl-l.METH^ 
TRIOX0.2.3.DIHYDRO-NAPHTHOri,8-Z)giri.21THIAZIN-2- 
10 YLMETHYLVC ARBAPEN-2-EM-3>CARBOXYLATE 



O 





CO2 



Pd(PPh3)4 

PPh^ 



NaOgOCHEt-Bu 
HOgC-CHEt-Bu 
DMF 




Step 1: Allvl f LS.5g.6Sy-6-ri(fi)-allvloxvcarbonvlQxv-ethvlM-methvl-2- 
carbapen.2>em>3-carboxvlate 
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A solution of allyl (LS,5i2,6S)-6-[l(K)-allyloxycarbonyloxy- 
ethyll-2-hydroxymethyl-l-methyl-carbapen-2-em-3-carboxylate (64.8 mg, 
0.174 mmol), l,l-<iioxo-2,3-dihydro-naphtho[l,8-cfe]ll,2]thiazin-3-one (34.5 
mg, 0.145 mmol), and triphenylphosphine (46 mg, 0.174 mmol) in 
anhydrous tetrahydrofuran (2 mL) was cooled in an ice bath and stirred 
under a nitrogen atmosphere. Diisopropyl azodicarboxylate (0.034 mL, 
0.174 mmol) was added and the resulting mixture was stirred at 0-5*0 
for 10 minutes. The mixture was concentrated under vacuum and the 
residue was purified by preparative layer chromatography on a 1mm x 
20cm x 20 cm silica gel GF plate using 7:3 ethyl acetate-hexanes as the 
developing solvent. The product band was removed and eluted with ethyl 
acetate to afford allyl (lS,5iJ,6S)-6-Il(i2)-allyloxycarbonyloxy.ethyll-l- 
methyl-2-(l,l,3-trioxo-2,3.dihydro-naphtholl,8-del[l,2]thia2in-2- 
ylmethyI)-carbapen-2-em-3-carboxylate (49 mg) as an oil. 

Step 2: Sodiu m flg.5g.6S^flfJZVhvdroxv-ethvl1-l-methvl>2-f 1.1.3-t^ 

2.3^dihvdro-naphthori.8 -rfg1fl.21thiazin>2-vlmethvlVcarbapen'2-em-3' 

carboxvlate 

Tbe product firom step 1 (56 mg, 0.0961 mmol), 
triphenylphosphine (15 mg, 0.0577 mmol), 0.5M sodium 2-ethyl- 
hexanoate in ethyl acetate (0.211 mL, 0.106 mmol), 2-ethyl-hexanoic add 
(0.0146 mL, 0.106 mmol), and tetrakis(triphenylphosphine)palladium(0) 
(22 mg, 0.0192 mmol) were combined in anhydrous dimethylfromamide 
(1 mL). The mixture was stirred at room temperature for 5 minutes, 
then cooled in an ice bath and stirred at 0-5*^0 for 2 hoxirs. The mixture 
was diluted with diethyl ether (12 mL) to precipitate a solid. The soUd 
was collected by centrifugation, washed with ether (5 mL), and dried 
under vacuum. The solid was dissolved in water (5 mL) and added to a 
coliunn (1 X 20 cm) of Amberchrom CGr-161 resin. The column was 
eluted with water followed by a progressive gradient of acetonitrile in 
water. The product containing fi-actions were combined and lyophilized 
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to a white, amorphous solid (18 mg). This material was further purified 
by preparative layer chromatography on a 1mm x 20cm x 20 cm RPSF 
plate, developing with 7:3 water-acetonitrile in an ice cooled tank. The 
product band was located by UV, removed and eluted with 4:1 
5 acetonitrile-water. The eluent was washed with hexanes, filtered 
through a 0.45 micon disc, concentrated under vacuxmi to remove the 
acetonitrile, and lyophilized to afford the title compound (17.9 mg) as a 
white amorphous solid. 



10 NMR (D2O, 500 Mhz) 6 1.33 (d, I-CH3), 1.36 (d, CH3CHOH), 3.32 (m, H- 
1), 3.52 (dd, H-6), 4.27 (dd, H«5), 4.32 (m, CH3CHOH), 4.82 and 5.60 (two 
d's, 2-CH2), 8.03 (m, two aryl-H), 8.11 (d. aryl-H), 8.33 (d, aryl-H), 8.38 (d, 
aiyl-H), and 8.56 (d, aryl-H) 



15 EXAMPLES 

RODnTMri.9.5fi.6S^-2 >(lA>DIOXO-2.3-DIHYDRO-NAPHTHOfl.8> 

nmn 21THTAZm.2.YLMETHYLV6-flfi?VHYDROXY-ETH^ 
MTCTHYT^nARBAPEN-2-EM-3>CARBOXYLATE 
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O 




DIAD 
PPh3 
THF 



Step 1: Allvl fLS.5g.6S)-6-rifflVallvloxvcarbonvloxv>ethvn-2-(l.l-dioxo- 

2.3-dihvdro >naphthofl.8-rfgU1.2HMazin>2-vlmethvlVl-methvUcarbap 

em-3-carboxvlate 

A solution of allyl (LS,5i2,6S)-6-[l(R)-allyloxycarbonyloxy- 
ethyll-2-hydroxyinethyl-l-inethyl-carbapen-2-em-3-carboxylate (116 mg, 
0.317 xnmol)» 2,3-dihydro-naphtho[l,8-<2e][l,2]thiazine l,l*dioxide (58 mg, 
0.265 mmoDy and triphenylphosphine (83 mg» 0.317 mmol) in anhydrous 
tetrahydrofuran (4 mL) was cooled in an ice bath and stirred under a 
nitrogen atmosphere. Diisopropyl azodicarbozylate (0.062 mL, 0.317 
mmol) was added dropwise over one minute. The resulting mixture was 
stirred at 0-5*^0 for 30 minutes. The mixture was concentrated under 
vacuum and the residue was purified by preparative layer 
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chromatography on two Imzn x 20cm x 20 cm silica gel GF plate using 
1:1 ethyl acetate-hexanes as the developing solvent. The product band 
was removed and eluted with ethyl acetate to afTord a mixture (160 mg) of 
aUyl(15,5J?,6S)-6-[lCR)-allyloxycarbonyloxy-ethyl]-2-(l,l-dioxo-2,3- 
5 dihydro-naphtho[l,8-cic][l,21thiazin-2-ylmethyl)-l-methyl-carbapen-2- 
em-3-carbo^late aiid diisopropyl hydrazodiester. 

Step 2: Sodium flS.57g.6^-2»fl.l-dioxo-2.3>dihvdro>naphthori>8- 
rfgiri.21thiazin>2>vlmethvn-6-fl(J2Vhvdroxv-ethvlM-methvl-carbapen-2- 
10 em-S^carboxvlate 

The product from step 1 (160 mg, ca. 0.265 mmol 
carbapenem component), triphenylphosphine (39 mg, 0.0398 mmol), 
dimedone (111 mg, 0.795 mmol), tetrakis(triphenylphosphine)- 

15 palladiimi(O) (15 mg, 0.0133 mmol) and l.ON aqueous sodium 
bicarbonate (0.265 mL, 0.265 mmol) were combined in 
dimethyl&omamide (1 mL). The mixture was stirredwhile N,N- 
diisopropylethylamine (0.138 mL, 0.795 mmol) was added dropwise over 
one minute. After stirring for 20 minutes at room temperature, the 

20 mixture was diluted with diethyl ether (10 mL) to precipitate a solid. The 
solid was collected by centrifugation and dried under vacuum. The solid 
was purified by preparative layer chromatography on a 1mm x 20cm x 20 
cm RPSF plate, developing with 4:1 water-acetonitrile. The product band 
was located by UV, removed and eluted with 4:1 acetonitrile-water. The 

25 eluent was washed with hexanes» filtered through a 0.45 micon disc, 
concentrated under vacuum to remove the acetonitrile, and lyophilized 
to afford the title compound (26 mg) as a white amorphous solid. 

*H NMR (2:1 D2O-CDCI3, 500 Mhz) 5 1.43 (d, I-CH3), 1.48 (d, CHaCHOH), 
30 3.51 (m, H-1), 3.62 (dd, H-6), 4.45 (m, H.5, CH3CHOH and CflH), 4.75 (d, 
CHH), 4.83 (d, CflH), 5.04 (d, CiJH), and 7.8-8.55 (six aiyl-H) 
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EXAMPLE 3 

n.«?SRfij7>.2-(7.r2.f4-CARBAMOYLMETHYL-1.4-DIAZONIA- 
RTnYCLQr2.2.210CT-l.Y LVETHYL1-1.1.3-TRIOXO-2.3-DIHYDRO- 
5 NAPHTHOri.8.i>.E1fl.21THIAZIN-2-YLMETHYL)-6.[l(Je)-HYDROXY- 
ETHYT.1-1 -METHYL-CARBAPEN.2-EM-3-CARBOXYLATE CHLORIDE 



O 
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Step l! Allvl ag.5fl .6SV6>flfflVallvloxvcarbonvloyv-ethvll-l-methvl-2- 
F1.1.3-trioxo-7>f2-triethvlsiIanvloxv>ethvl)-2.3-dihvdro-naphthori,8- 
rfgl ri.21thiazin-2>vlmethvn> carbapen-2-em>3>carbQXvlate 

5 

A solution of allyl (lS,5/2,6S)-6-ll(fl)-allyloxycarbonyloxy- 
ethyl]-2-hydroxyinethyl-l-inethyl-carbapen-2-em-3-carboxylate (365 mg, 
1.0 mmol), triphenylphosphine (315 mg, 1.2 mmol), and 7-(2- 
triethylsilanyloxy-ethyl)- 1, l-dioxo-2,3-dihydro-naphtho [1,8- 

10 £ie][l,2]thiazin-3-one (431 mg, 1.1 mmol) in anhydrous tetrahydrofuran 
(7 mL) is cooled in an ice-bath and stirred under a nitrogen atmosphere 
while diisopropyl azodicarboxylate (0.24 mL, 1.2 ntmiol) is added 
dropwise over a few minutes. The resulting solution is stirred in the 
cold for 30 minutes, then diluted with chloroform, washed with 5% 

15 aqueous sodium bicarbonate and brine, dried over sodium sulfate, 

filtered and evaporated under vacuum. The residue is purified by silica 
gel flash chromatography , eluting with hexane-ethyl acetate, to afford 
allyl (lS,5fi,6S)-6-[l(R)-allyloxycarbonyloxy-ethyl]-l-methyl^^^ 
tri(»o-7-(2-triethylsilanylo3Qr-ethyl)-2,3-dihydro-naphtho[l,8- 

20 €2e][l,2]thiazin-2-ylmetiiyl]- carbapen-2-em-3-carboxylate. 

Step 2: Allvl f lg.5ig.6S)-6-ri(iZVallvloxvearbonvlQxv^thvll-l>methvl-2- 

fl,J,.3-tnpyo-7'[8"(trifllyQro-mgth^pesulfonylo3Qr>^thyll-g,3-4iby 
naphthori.8-<icUl,21thiazin-2>vlmethvH>carbapen-2^m-3-carboxvlate 
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The compound from step 1 (369 mg, 0.5 mmol) in 
tetrahydrofuran (4.0 mL) is diluted with water (1.0 mL and treated with 
IM aqueous trifluoromethanesulfonic acid (0.05 mL, 0.05 mmol). After 
5 stirring at room temperature for 15 minutes, the reaction mixture is 
partitioned between ethyl acetate (25 mL) and 5% aqueous sodiiun 
bicarbonate (5 mL). The organic phase is washed with 50% saturated 
brine, dried over magnesium sulfate, filtered, evaporated imder 
vacuum, and stripped with anhydrous toluene to leave a residue of the 

10 desilylated alcohol. 

A solution of the crude alcohol (0.5 mmol) in anhydrous 
dichloromethane (10 ml) is cooled in an ice-methanol bath (-20*'C) and 
stirred imder a nitrogen atmosphere. The solution is treated with 2,6- 
lutidine (0.175 mL, 1,5 mmol) followed by trifluoromethanesulfonic 

15 anhydride (0.126 mL, 0.75 mmol). After stirring at -20'' to -15''C (bath 
temperature) for 40 minutes, the solution is diluted with 
dichloromethane (30 mL), washed with water (20 mL), O.lN hydrochloric 
acid (20 mL), and water (20 mL), dried over magnesium sulfate, filtered, 
and evaporated under vacuum o afibrd allyl (lS,5i2,6S)-6-[l(12)- 

20 allyloxycarbonyloxy-ethyl] - l-methyl-2- { 1 , l,3-trioxo-7- [2-( trifluoro- 

methanesulfonyloxy)-ethyl] -2,3-dihydro-naphthoIl,8-<te] [1,2] thiazin-2- 
ylmethyl)-carbapen-2-em-3-carboxylate. 

Step 3: Allvl (15.5B.6 ^-ri(J?>-alIvloxvcarbQnvloxv.ethvn-2-{7-f2-f4- 
25 carbamovlmethvM,4-diazonia>bicvclof2.2.2loct-l-yD-ethylM.1.3-trioxo> 

2,3^ihvdro>nap hthQri.8-rfgirL2lthiazin-2>vlmethvll-l-methvl-carbaDen-2- 
em>3>carbQxvla te bisftrifluoromethanesulfonate) 



30 



A sample (92 mg, 0.125 mmol) of the triflate derivative 
prepared as described in step 2 is dissolved in anhydrous acetonitrile (1.0 
mL) and the solution is treated with l-carbamoylmethyl-l-azonia-4-aza- 
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bicyclo[2.2.2].octane trifluoromethanesulfonate (44 xng, 0.14 mmol). The 
reaction mixtxire is stirred at room temperature for 90 minutes, then 
evaporated under vacuxmi to a residue which is aged an additional 90 
minutes at room temperature. The residue is triturated with anhydrous 
5 diethyl ether to afford allyl (lS,5i2,6S)-6-[l(i2)-aUyloxycarbonyloxy-ethyll- 
2-{7-I2-(4-carbamoylmethyH.4-diazonia-bicyclo[2.2.2]oct-l-yl)-ethyl]-l,l,3- 
trioxo-2,3-dihydro-naphtho[l,8-rfe][l,2]thiazin-2-ylmethyl)-l-methyl- 
carbapen-2-em"3-carboxylate bis(trifluoromethanesulfonate). 

10 Step 4: (lS.5fi.6g)>2>f7- r2-f4>carbamovlmethvM-4-dia2onia- 
hirvrlor2.2.2lQct>l>vl Vethvll-lA.3-triQxo-2.3>dihvdro-naphtho 
rgpl n 21thiazin-2.vlmethvl)-6>f lfg)-hvdroxv-ethvn>l-methvl-carbapen-2- 
PiTi-3.gflrbQxvlate chloride 

15 The crude bisprotected intermediate of step 3 

(approximately 0.125 mmol), triphenylphosphine (4.9 mg, 0.0187 mmol), 
dimedone (53 mg, 0.378 mmol), and 

tetrakis(triphenylphosphine)palladium(0) (7.2 mg, 0.0062 mmol) are 
dissolved in anhydrous dimethylformamide (1.3 mL). The solution is 

20 purged with nitrogen, then treated with iV,//-diisopropylethylamine 
(0.065 mL, 0.373 mmol). After stirring at room temperatxire for 15 
minutes, the reaction mixttire is added to diethyl ether to precipitate the 
crude product. The precipitate is triturated with ether (2x5 mL) and 
dried imder vacuum. The precipitate in 1:1 acetonitrile-water (1 mL) is 

25 added to a colimin of Macro-Prep CM (Bio-Rad) weak cation exchange 
resin (3 mL). The column is successively eluted with 1:1 acetonitrile- 
water (4 mL), water (3x5 mL), and 5% aqueous sodium chloride (5x3 
mL). The product containing sodium chloride fractions are pooled, 
cooled in ice, and loaded onto a cloumn of Amberchrom CG-161 

30 (TosoHaas) resin (3 mL). The Amberchrom column is eluted with ice- 
cold water (3x5 mL) followed by 20% isopropanol in water (10 x 3 mL). 



wo 99/67242 



43 



PCT/US99/14235 



The product containing aqueous isopropanol fractions are combined, 
concentrated imder vacuum to remove the isopropanol, and lyophiled to 
a£ford the title compound as an amorphous solid. 

EXAMPt.PS4-32 

By appropriately modifying the procedures of Examples 1-3. 
the following compounds are prepared: 




Ex, Q-R^ Ex. Q-R^ 
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TAPt-E 9 




Q-R" 



Ex. 



Q-Ri 



9 l-N^ 



10 |-N^ 



, ©/--A© CONH2 

11 |-NC^-^^,e 



Ex. 



. ®/:r\® /-\ 

12 



13 



14 



CI 



;-N^N-^ NH3 

2 CI 
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H,C 




Q-R'' 



Ex. 



Q-R<» 



Ex. 



Q-R«» 



21 l-N^ 



© ^N-CHaCHaOH 
22 |-N^ 



, ©.CT^ © CONH2 
23 |-nA^,N-^ 

^ CI© 



, ©/7-\© / — \ 

24 |— N^\.N-^ OH 

^ CI© 

. ©/TA© / \© 

25 |-N^N-/ NH3 

^ 2CP 



, ©/:r\© coNH 

26 l-N^V-N^ _ 
2CP 



NH, 
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WHAT IS CLAIMED IS: 

1. A compound represented by formula I; 




COgM 



I 

including pharmaceutically acceptable salts thereof, wherein: 
represents H or methyl; 

10 

CO2M represents a carboxylic acid, a pharmaceutically 
acceptable carboxylic acid salt, carboxylate anion, a pheurmaceutically 
acceptable ester group or a carboxylic acid protected by a protecting 
group; 

15 

X represents CHj or C=0; 

P represents hydrogen, hydroxyl, F or hydroxyl protected by 
a hydroxyl-protecting group; 

20 

(R^)3 

each R independently represents R**, • -Het(R'*)g, 

alkenyl, or a group L-Q*R*^ with the proviso that only one R group of 
the type L-Q-R^ can be present or one R group may be taken with L, if 
present, and any intervening atoms to represent a 5-6 membered ring; 



25 
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L is Ci-4 straight or branched alkylene, uninterrupted, 
interrupted or terminated by 1-2 of O, S, NRa, C(0), CO2 and C(0)NRa; 

Q represents: 



(V©)n 

Y- is a charge balancing group; 

n is a value from 0 to 2, selected to maintain overall charge 

10 neutrality; 

Ra is H or Cj^ alkyl; 

Rq is Cl.6 alkyl, straight or branched, uninterrupted, 
interrupted or terminated by 1-2 of O, S, NRa, C(0), C(0)0, C(0)NRa. 
,-CH=CH-, .Het(Rb)3., -C(0)Het(Rb)3.,.c(0)NRaHet(Rb)3-, 

16 (Fl'03 , (R^ <R'')3 , 

said Rq being unsubstituted or substituted with 1-3 Rc 

groups; 



20 



Het is a heteroaiyl group; 

each Rh is independently selected fi-om halo, ORa, 
OC(0)Ra, C(0)Ra, CN, C(0)NRaRd, NO2, NRaRd, S02NRaRd and Ci^ 

alkyl unsubstituted or substituted with 1-3 groups selected from R^; 



25 each Rc is independently selected from halo, ORf, OC(0)Rf, 

SRf, S(0)Rf S02Rf, CN, C(0)Rf, C02Rf NRftlg, N*R*R'R«Z-, C(0)NRaRf, 
-Het(Rb)3^ C(=N+RaRf)RaZ-^ C(=N+RaRf)NRaRf^-, 
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SO 

NRaC(=N+RaRf)RaZ-, NRaC(=N+RaRf)NRaRf^% heteroaryliuin(Rb)3Z", 
S02NRaRf, OC(0)NRaRf, NRaC(0)Rf, NRaC(0)NRaRf, and 




(R^)3 ; 

5 or in the alternative, when 2 or more Rc groups are present, 

2 Rc groups may be taken together with any intervening atoms to form a 
3-6 membered carbocyclic ring, optionally interrupted with 1-3 of O, S, 
NRg, and C(0), said ring being unsubstituted or substituted with 1-3 Re 
groups; 

10 

Rd is H or Ci^ alkyl, or Ra and Rd taken together with any 
intervening atoms represent a 4-6 membered ring; 

Re is selected from halo, ORa, NRaRd and CONRaRd; 

Rf is H; Ci-S straight or branched chain alkyl, 
unsubstituted or substituted with 1-3 Re groups; -Het(Rb)3j C3-6 
cycloalkyl, unsubstituted or substituted with 1-3 Re groups, and 

(R'')3 ; 

or Ra and Rf together with an intervening atoms form a 4-6 
membered ring, optionally interrupted by O, S, NRa or C(0); and 

Rg is H, C1.6 alkyl, xinsubstituted or substituted with 1-3 Re 
25 groups; C3.6 cycloalkyl, unsubstituted or substituted with 1-3 Re groups; 
C(=N*RaRf)Raz- or C(=N*RaRf)NRaRf5;-; 

or Rf and RS together with any intervening atoms form a 4-6 
membered ring optionally interrupted by O, S, NRa or C(0); and 



15 



20 
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5 



is a charge balancing group selected from Y", a 
monovalent sinion such as acetate, benzoate, bromide, chloride or the 
like, or an internal anion such as CO2M, where M is a negative charge. 

2. A compound in accordacnce with claim 1 

wherein represents methyl. 



3. A compound in acordance with claim 1 
10 wherein CO2M represents a carboxylate anion. 

4. A compoimd in accordance with claim 1 
wherein one R represents LrQ-Rq and all other R groups represent H, 
halo or Ci^ alkyl unsubstituted or substituted with 1-3 groups selected 

15 from Re. 

5. A compound in accordance with claim 4 
wherein M represents a negative charge which is balanced by a 
positively charged Q group. 

20 

6. A compound in accordance with claim 4 
wherein if the positively charged Q group contains more than one 
positive charge, a negatively charged counterion may be present which 
in combination with the carboxylate anion, provides overall charge 

25 neutrality. 

7. A compound in accordance with claim 4 
wherein L represents -CH2- or -CHsCHs*. 

SO 8. A compoimd in accordance with claim 4 

wherein Q represents 
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(Y©)n 

wherein Y* represents a charge balancing group, and n is 0 to 2. 

9. A compound in accordance with claim 4 

5 wherein R4 is straight or branched Ci.6 allgrl, substituted with 1-3 Rc 

groups. 

10. A compound in accordance with claim 1 
wherein X is CHj. 



10 



11. A compound in accordance with claim 1 

wherein X is CO. 



12. A compoimd in accordance with claim 1 

15 wherein each R is independently H, halo or C1.4 alliyl unsubstituted or 

substituted with 1-3 groups selected firom Re* 

13. A compound in accordance with claim 1 

wherein: 

20 R* represents CH3; 

CO2M represents a carboxylate anion; 

P represents hydroxyl or hydroxyl protected by a hydroxyl 
protecting group; 

one R is L-Q-R** and each remaining R is independently 
25 halo or Ci^ alkyl unsubstituted or substituted with 1-3 groups selected 

from Re; 

RaisHorCl-6alkyl; 

Rd is H or Ci^ alkyl, or R^ and Rd taken together with any 

intervening atoms represent a 4-6 membered ring; 
30 Re is halo, ORa, NRaRd or CONRaRd; 

L represents -CH^- or -CHjCHj- ; 
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■Q represents 

(Y©)n 

wherein Y- represents a charge balancing group, and n is 0 to 2; and 

Rq is straight or branched Ci.6 alkyl, optionally interrupted 



^— C(0)NR«— 



byC(0)NIiaor and 
substituted with 1-3 Rc groups, and 

Rc is as originally defined. 

14. A compound in accordance with claim 1 

represented by the formulas in Table 1: 
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(R)2 »• 

° CO2M 
P = H, F or OH, and = Methyl or H 




V 


ouDSuiusni^s/ ri 


M 


1 


CO 


H 


Na 


2 


CH2 


H 


Na 


3 


CO 


r-(CH2)n-OH 


Na 


4 


CO 




© 


5 


CO 


8-(CH2)n-N^ 


© 


6 


CH2 
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15. A pharmaceutical composition comprised of a 

5 compoimd in accordance with claim 1 in combination with a 
pharmaceutically acceptable carrier. 



16. A method of treating a bacterial infection 

comprising administering to a mammalian patient in need of such 
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treatment a compound as defined in claim 1 in an amount which is 
effective for treating a bacterial infection. 
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